Recent simulation studies of the surface tension , and other properties of thin freestanding films, have revealed unexpected finite size effects in which the variance of the properties vary monotonically with the in-plane width of the films, complicating the extrapolation of estimates of film properties to the thermodynamic limit. We carried out molecular dynamics simulations to determine the origin of this phenomenon, and to address the practical problem of developing a more reliable methodology for estimating in the thermodynamic limit. We find that there are two distinct finite size effects that must be addressed in a finite size analysis of in thin films. The first finite size scale is the in-plane width of the films and the second scale is the simulation cell size in the transverse direction. Increasing the first scale enhances fluctuations in , measured by the standard deviation of their distribution, while increasing the second reduces fluctuations due to a corresponding increased 'freedom' of the film to fluctuate out of plane. We find that by using progressively large simulation cells in the transverse direction, while keeping the film width fixed to an extent in which the full bulk liquid zone is developed, allows us to obtain a smooth extrapolation to the thermodynamic limit, enabling a reduction of the uncertainty to a magnitude on the order of 1 % for systems having a reasonable large size, i.e., O(1 µm).
components of the pressure in the interfacial region. Even so, the pressure profiles of Harasima have been used in several surface-tension studies because it does not matter whether the interaction forces are distributed uniformly in several slabs, or in only two; when it is integrated to obtain the profile of the surface tension, the same result is obtained. 10, [20] [21] [22] [23] As the contributions to the Harasima pressure profiles are located in the regions that originated the interactions, the density inhomogeneities at the interfaces are highlighted in the Harasima profiles. The Harasima normal pressure profiles are mechanically stable because the outermost regions show large negative pressures (attractive) holding together the whole liquid layer. Before the attractive zones, there are small peaks with positive pressure (repulsive), which, in comparison to the attractive ones, are smaller, and are not long and wide enough to burst the liquid layer. Here, the reduced surface tension * was calculated through its mechanical definition using the Harasima pressure profiles. 4, 10 In this way, the whole system (two interfaces) is used to calculate de surface tension.
In order to obtain more realistic profiles, we allowed the system to move in the inhomogeneous direction, and calculated the density and pressures profiles every 100 steps. At the end, we averaged these by correcting the positions of the profiles according to their positions in the inhomogeneous direction of the center of the layer, which was calculated as the midpoint between the two positions of the Gibbs' dividing surface of each interface, K * , with the thickness of the layer, L * , corresponding to the separation between the positions of the two dividing surfaces.
This allowed us to obtain more realistic profiles of the calculated properties. To obtain the positions of K * , each of the density profiles, calculated every 100 steps, was adjusted to the hyperbolic tangent expression commonly used in vapor/liquid phase equilibrium studies: in the larger system with respect to the smaller system ( Y * = 16), we can expect that the interfacial sections of size Y * = 16 in the larger system will have as much noise as the section of the smaller system, but these sections will interact collectively producing configurations with some sections having small surface tension, while in the other sections a relatively large surface tension is found due to out-of-plane expansions and contractions of the film. These fluctuations narrow the distribution of values of the surface tension and liquid density in larger systems.
In a similar way, the average g is also insensitive to the value of Y * employed in the simulation, as previously reported, 4 but also it is insensitive to the length of the layer, as shown in We studied the origins of the insensitivity of the behavior of the average value of * with the size of Y * at constant L * through analyzing the components of the average pressure profiles. In In laboratory units:
where K is a characteristic size of the simulation cell in the transverse direction. At very short Y sizes (close to K ), the interfacial thickness is equal to their intrinsic value. A study on water 
which produces values for the fitting coefficient † of 4.14 x 10 -1 using the 4 largest The effect of the length of the simulation cell in the transverse direction is due to the induction of cohesive forces at the interfaces in both directions, which are the result of the employment of periodic conditions, which have stronger effects when short interfacial areas are employed. When very narrow liquid layers are simulated (near the critical length), the interfaces of the system interact with each other, probably coordinating the interfacial behavior of each other.
As wider lengths of the liquid layer are employed, the interfaces become freer, and there is no coordination between these, making them free to develop their own dynamics.
The size effect due to the finite size of the simulation cell in the interfacial area is clearly an artefact of the methodology employed to simulate phase equilibria under periodic conditions in the interfacial surface, but for systems confined to these interfacial-length scales, probably this size effect has a physical meaning and future work should elucidate its influence. The size effect due to the thickness of the layer is only important for narrow layers in the scale of the nanometer, beyond that its influence decreases until they disappear at larger thicknesses layers. In the future, we also plan to assess the effects of additives and multicomponent equilibria to study the dependence of finite size effects on the distributions of their interfacial properties. 4 The error bars correspond to their standard deviations. 
Conflicts of interest

